Introduction {#S0001}
============

Squamous cell carcinoma is a common type of malignancies (account for over 80%) in the head and neck. According to the report,[@CIT0001] the incidence of HNSCC accounts for 8% of the whole malignant tumors. In recent years, the incidence of HNSCC keeps increasing year by year and more than 600,000 new cases occur in the world each year.[@CIT0002],[@CIT0003] Due to the corresponding treatment including surgery, radiotherapy and chemotherapy, HNSCC often causes serious impairment of the appearance and vital function of patients with a five-year overall survival of only about 60%.[@CIT0004] In previous study, we found that genes dysregulation plays an irreplaceable role in the initiation and the progression of HNSCC. These genes not only are closely related to the prognosis of patients but also are sensitive to the radiotherapy and chemotherapy.[@CIT0005] Therefore, these genes can be used as the biomarkers in clinic to predict the prognosis of the patients. More excitingly, they also act as the important targets for gene targeting therapy to improve the recovery rate. In our previous study, serine protease inhibitor Kazal-type 5 (SPINK5) was found down-regulation with 9.7-fold in 22 HNSCC tissues compared to the paired adjacent normal tissues using oligonucleotide microarrays analysis-the efficient way to select the different express genes.[@CIT0006] However, the functional role of SPINK5 in the carcinogenesis of HNSCC and its clinical significance were rarely reported.

SPINK5 gene which contained 33 exons is located on chromosome 5q32.[@CIT0007] LEKTI, the protein product of SPINK5, is a representative serine protease inhibitor which contains a 15-domain Kazal-type-related serine protease inhibitor.[@CIT0008] It expressed in the most differentiated layers of stratified epithelial tissues including the skin.[@CIT0009],[@CIT0010] In the epidermis, LEKTI protein is confined to the granular layer and stratum corneum where it co-localized with serine proteases of the kallikrein family such as the stratum corneum chymotryptic enzyme (SCCE) and the stratum corneum tryptic enzyme (SCTE) that are encoded by the kallikrein 5 and kallikrein 7 (KLK 5, 7) respectively.[@CIT0011]--[@CIT0013]

Several domains of LEKTI have shown to inhibit KLK5 and KLK7 that are involved in the degradation of corneodesmosomes such as desmoglein 1 (Dsg1), desmocollin 1 (Dsc 1) and corneodesmosin.[@CIT0014] Normally, the balance between the inhibitory pressure of LEKTI and the proteolytic activity of KLK5 and KLK7 is well kept leading to an intact epithelial barrier.[@CIT0015] Mutations of SPINK5 result in reduction or loss of LEKTI, which subsequently a reduced inhibition of serine proteases and finally lead to premature degradation of corneodesmosomal cadherins, over-desquamation and stratum corneum thinning caused by the increased activity of KLK5, KLK7 and reduction of Dsg1, Dsc1.[@CIT0016],[@CIT0017]

Based on the biological properties and the localization of SPINK5, many studies have focused on searching for associations between the genetic variants of SPINK5 and skin barrier defeats disease.[@CIT0018] For example, mutation of the SPINK5 gene has been identified as disease-causing in Nethetonsydrome (NS) - a rare autosomal-recessive skin disorder clinically characterized by congenital erythroderma, trichorrhexis invatinata and atopic diathesis.[@CIT0019],[@CIT0020] Liu found that the G allele at SNP −206G\>A in the SPINK5 was associated with asthma susceptibility in a case-control Chinese Han population study including 669 asthma patients and 711 healthy controls.[@CIT0021] Another study found that the lower SPINK5 expression might be a contributing factor leading to chronic rhinosinusitis in patients who suffered from aspirin tolerance and allergies.[@CIT0022] Recently, it has been found that LEKTI was able to inhibit the cysteine protease caspase 14 which implicated in both epidermal differentiation and hydration in vitro.[@CIT0023] These indicated that LEKTI was a multifunction protease inhibitor and played critical role in the epidermal barrier function by regulating protease activity.

There are still some unconformities in diverse cancer types, suggesting the complex function of SPINK5/LEKTI. For example, the expression level of SPINK5 was reported to be obviously up-regulated in bladder cancer tissues compared to the normal bladder tissues.[@CIT0024] However, the expression level of SPINK5 was detected to be remarkably down-regulated in esophageal cancer and the decreased expression of SPINK5 was significantly associated with the poor survival of patients with OSCC.[@CIT0025],[@CIT0026] In our previous study, down-regulation of SPINK5 has been found in HNSCCs as compared to the adjacent normal tissues by using oligonucleotide microarrays.[@CIT0006] In this study, we further validated the expression level of SPINK5/LEKTI expression in HNSCC cell lines and HNSCCs and investigated its biological roles and clinical implications in HNSCC.

Materials and Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

HNSCC cell lines include WSU-HN4, HN6, HN12, HN13, HN30 (provided by the University of Maryland Dental School, USA and approved by the Institutional Ethics Committee of the Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine) and CAL-27 (American Type Culture Collection, ATCC, USA) were cultured in DMEM (GIBCO-BRL, USA) added with 10% fetal bovine serum (FBS) (GIBCO-BRL, USA). SCC-4, SCC-9, SCC-25 cell lines (American Type Culture Collection, ATCC, USA) were cultured in DMEM/F12 medium (GIBCO-BRL) supplemented with 10% FBS. Normal primary gingival epithelial cells taken from the patient with impacted tooth served as normal control and were cultured in keratinocyte serum-free medium (GIBCO-BRL) with 0.2% ng/mL recombinant epidermal growth factor (rEGF) (Invitrogen, USA). All cells were cultured at 37°C in a humidified 5% CO~2~ atmosphere.[@CIT0027]

Patients and Specimens {#S0002-S2002}
----------------------

Samples were obtained from patients who were first diagnosed with primary HNSCC and treated with surgical treatment in Department of Oral and Maxillofacial-Head and Neck in Ninth People's Hospital between June 2008 and December 2010. In this study, 35 paired clinical samples including cancerous tissues and their apparently normal surgical margins and a cohort of samples including 142 cancerous tissues and 92 apparently normal surgical margins were used. The required samples were quickly frozen in liquid nitrogen then stored at −80°C. Before using these samples must be accomplished pathological diagnosis according to the design and principle of the study. The tissue microarray used in this study consisted of paraffin-embedded tissues from 101 patients who were pathological diagnosed with primary HNSCC and accomplished surgical treatment between 1989 and 1993. The exclusion criteria of this study included preoperative radiotherapy, preoperative chemotherapy, distant metastasis, recurrent tumors and incomplete medical materials. In addition to two patients had no follow-up data, all patients had perfect information. The summarized materials of patients are shown in [Table 1](#T0001){ref-type="table"}. In this study, samples were stained with hematoxylin and eosin to determine the pathological differentiation, and clinical stages were made according to the TNM classification system of the International Union against Cancer (1988) prior to further analysis. All of the patients signed written informed consent in accordance with the institutional guidelines and the study was approved by the Institutional Ethics Committee of the Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine.Table 1Demographic Characteristics of the Patient Population by LEKTI LevelsCharacteristicN (%)LEKTI Expression (M±SD)P**Age** \<60y53 (60.2%)2.233±0.6040.7665^a^ ≥60y35 (39.8%)2.276±0.732**Gender** Male48 (54.5%)2.197±0.7400.4770^a^ Female40 (45.5%)2.297±0.536**Smoking history** No59 (67%)2.281±0.5810.5247^a^ Yes29 (33%)2.186±0.790**Alcohol history** No68 (77.3%)2.293±0.6090.2622^a^ Yes20 (22.7%)2.105±0.788**TNM stage** I/II43 (48.9%)2.459±0.5590.0029^a^ III/IV45 (51.1%)2.05±0.681**Disease site** Tongue68 (77.3%)2.294±0.5850.0733^a^ Others (cheek, gingiva)20 (22.7%)2.10±0.850**Lymph node metastasis** pN064 (72.7%)2.309±0.6430.1717^a^ pN1-pN224 (27.3%)2.094±0.672**Pathological differentiation** I49 (55.7%)2.345±0.4830.0408^b^ II29 (32.9%)2.29±0.610 III10 (11.4%)1.76±0.533[^2]

Immunohistochemical Analysis {#S0002-S2003}
----------------------------

Formalin-fixed, paraffin-embedded tissues were cut into 4 μm tissue sections. Tissue sections were deparaffinized in xylene, hydrated in graded ethanol, treated with heated citrate buffer for epitope retrieval then cooled to room temperature naturally. Tissue sections were blocked with hydrogen peroxide, incubated with anti-LEKTI antibody (1:150) (Bioworld, USA) overnight at 4°C followed by biotinylated secondary antibody then diaminobenzidine reagent (Dako, Denmark). Eleven patients were excluded due to the tissues shedding in the process of immunohistochemistry. The LEKTI labeling index was defined as the intensity of staining (0, 1, 2 and 3) multiplied by the percentage of positive epithelial thickness (25%, 50%, 75% and 100%). In this study, the scores including LEKTI staining index and positive epithelial cell index were analyzed by two experienced pathologists. The median score of 2.4 was set as the cut-off value to determine high or low LEKTI expression. A value \<2.4 was considered low expression and a value ≥2.4 was considered high expression.[@CIT0028]

RNA Extraction and Reverse Transcriptase-Polymerase Chain Reaction Analysis {#S0002-S2004}
---------------------------------------------------------------------------

Total RNA was extracted from tissue by using Trizol reagent (Invitrogen, USA) according to the manufacturer's instruction. Approximately 1 µg of total RNA derived from each sample was converted to cDNA in a total volume of 20 μL using SuperScript reverse transcriptase reagent kit (Takara, Japan). Conventional reverse transcriptase-polymerase chain reaction was performed using E×Tap DNA polymerase (Takara, Japan) in a total volume of 20 μL according to the manufacturer's instruction. The primer sequences were as follow: for SPINK5, the forward primer was 5ʹ-TGCTTTACGTGGCAAGGAG-3ʹ, the reverse primer was 5ʹ- GTAAGAACCTTTGTGATTACATGGG-3ʹ; for β-actin, the forward primer was 5ʹ-CCTGGCACCCAGCACAAT-3ʹ, the reverse primer was 5ʹ-GGGCCGGACTCGTCATACT-3ʹ. An initial denaturation step was performed for 5 min at 95°C, total 35 cycles were performed with the following program that denatured at 95°C for 20 s, annealed at 60°C for 30 s and elongated at 72°C for 30 s. Finally, the program was finished with a final extension step at 72°C for 5 min and kept at 4°C.[@CIT0029]

Real-Time Polymerase Chain Reaction Analysis {#S0002-S2005}
--------------------------------------------

In this study, all real-time PCR reactions were performed using the SYBR Premix E×Tap DNA polymerase kit (Takara, Japan) and an ABI 7300 real-time PCR system (ABI, USA). The primer sequences for SPINK5 and β-actin were the same as described above. Real-time PCR amplification was performed according to the kit instruction in a volume of 20 μL with 2 μL of cDNA, 10 μL SYBR Premix E×Tap, 0.4 μL ROX Reference Dye, 0.8 μL of primer for the target gene, 6.8 μL distilled water and β-actin as internal control. The procedure was completed at 95°C for 30 s followed by 40 cycles of 95°C for 5 s and 60°C for 31 s. Ct values that represent the cycle number at which the fluorescent signal of the samples passes a given threshold above the baseline indicate the measured gene content in each sample. ∆Ct was the difference between the Ct value of the target gene and the Ct value of the β-actin of the same sample. Then, the relative expression level of SPINK5 in a tumor tissue compared to the adjacent normal tissue was calculated by 2 ^−∆∆Ct^, where ∆∆Ct=∆Ct of HNSCC samples - ∆Ct of adjacent normal sample. Therefore, 2 ^−∆∆Ct^ indicate the fold change in the HNSCC samples relative to the adjacent normal samples.[@CIT0030]

Western Blot Analysis {#S0002-S2006}
---------------------

Cells were harvested in sodium dodecyl sulfate (SDS) lysis buffer (Beyotime, China) which added with complete protease inhibitors (Roche, USA). Total protein was separated in sodium dodecyl sulfate-polyacrylamide gel electrophoresis then transferred the separated protein to a polyvinylidene fluoride (PVDF) membrane. Then, the membranes were blocked with 1% nonfat milk for 1 h at room temperature, incubated with primary antibodies overnight at 4°C, followed by secondary antibody labeled with IRDye^TM^ 800 and signals were observed to detect specific immunoreactivity using an Odyssey Infrared Imaging System (Rockland, USA).[@CIT0031] The antibodies against LEKTI (1:1000, Epitomics, USA), Cyclin D1 (CCND1) (1:5000, Epitomics, USA), CDK4, p21, MMP2 and MMP9 (1:1000, Proteintech, USA) were used in this study. The mouse monoclonal β-actin (1:5000, Sigma-Aldrich, USA) served as an internal control.

Small Interfering RNA (siRNA) Transfection {#S0002-S2007}
------------------------------------------

Chemically synthesized siRNA special target to SPINK5 was purchased from Shanghai Genepharma Co., Ltd. In this study, the siRNA was named si-1771 and its sequences were 5ʹ-GCAGUGAAUAUCGUCAUUATTUAAUGACGAUAUUCACUGCTT-3ʹ. The FAM-labeled Scrambled siRNA was also provided from Shanghai Genepharma Co., Ltd. Lipofectamine 2000 (Invitrogen, USA) was used to transient transfection and accomplished according to the manufacturer's protocol.[@CIT0032]

SPINK5 Overexpression Vector Transfection {#S0002-S2008}
-----------------------------------------

Human SPINK5 cDNA was cloned into the eukaryotic expression vector pcDNA3.0 to construct the pcDNA3.0-SPINK5 expression vector (Thermo). PCR was used to amplify SPINK5 gene from the plasmid pcDNA-SPINK5 and then cloned into the plasmid pLenti-CMV-EGFP-3FLAG-PGK-Puro to construct the lentiviral expression plasmid pLenti-CMV-SPINK5-3FLAG-PGK-Puro. In this study, the forward primer used for the amplification of SPINK5 was 5ʹ-CGAGCTCAAGCTTCGAATTCGCCACCATGAAGATAGCCACAGTGTCAG-3ʹ, containing an EcoR I enzyme site; the reverse primer was 5ʹ-TCATCCTTGTAGTCGGATCCTTCGTCAGACGGGGGCAT-3ʹ, containing a BamH I enzyme site. The plasmid pLenti-CMV-SPINK5-3FLAG-PGK-Puro, the packaging plasmid Δ8.91 and the envelope plasmid pVSVG was co-transfected into 293T cells to generate the recombinant lentivirus of pLenti-CMV-SPINK5. The recombinant lentivirus pLenti-CMV-SPINK5 (SPINK5 over-expression) was used to transfect HNSCC cell lines. PLenti-CMV- EGFP was used as control.

Cell Proliferation Assay {#S0002-S2009}
------------------------

Cell proliferation assays were used to determine the SPINK5 gene on cell growth. Cell proliferation assays were performed to analyze the proliferation ability of WSU-HN6 cells transiently transfected with si-1771 or Scrambled siRNA and cells of WSU-HN13 and HN30 transfected with the lentivirus pLenti-CMV-SPINK5 or the lentivirus pLenti-CMV-EGFP. The cells were cultured in a 96-well plate at a density of 1×10^3^ cells/well in triplicate, then cell viability was assayed using Cell-Counting Kit-8 (CCK-8) (Dojindo, Japan) at 24-h interval. 10 μL of CCK-8 reagent was added to each well then incubated at 37°C for 2 h. The viable cells in each well were measured at 450 nm by reading the optical density of absorbance.[@CIT0033]

Plate Colony Formation Assay {#S0002-S2010}
----------------------------

Twenty-four hours after WSU-HN6 cells transiently transfected with si-1771 or Scrambled siRNA and 2 weeks after WSU-HN13, HN30 cells transfected with the lentivirus pLenti-CMV-SPINK5 or the lentivirus pLenti-CMV-EGFP, ihe cells were cultured in 10 cm dish at a density of 1×10^3^ cells/well for 2 weeks. When the cell number of colonies more than 50 cells under a microscope, the colonies were fixed with formalin for 30 min, stained with crystal violet solution for 2 h and washed with double-distilled water. The number was counted according to the size and density of the colonies. All experiments were independently repeated 3 times.[@CIT0034]

Cell Cycle Analysis {#S0002-S2011}
-------------------

WSU-HN6 cells were harvested after transfection with siRNA for 72 h; WSU-HN13 and HN30 cells transfected with the lentivirus pLenti-CMV-SPINK5 or pLenti-CMV-EGFP were harvested after transfection for 2 weeks. The cells were washed with phosphate-buffer saline (PBS) and fixed in 70% cold ethanol overnight at 4°C. Then, the fixed cells were washed with cold PBS and stained with PI/RNase Staining Buffer (BD Pharmingen) on ice in the dark for 30 min. Cell cycle analysis was performed using flow cytometry (FCM).[@CIT0035]

Cell Invasion Array in vitro {#S0002-S2012}
----------------------------

24-well Millicell Hanging Cell Culture Inserts (Millipore Corporation, USA) and Matrigel (BD Biosciences) were used. Matrigel and serum-free DMEM mixed in a ratio of 1:8 then paved 35 μL the mixture into Millicell Hanging Cell Culture Inserts. After rehydration of the chambers, 1×10^5^ transfected cells in 150 μL DMEM added with 1% fetal bovine serum were cultured in the upper chambers and 500 μL DMEM supplemented with 10% fetal bovine serum was placed in the lower chambers. The cells were fixed in 4% formaldehyde after cultured of 24 h and stained with 0.5% crystal violet. Cells in the upper chamber were removed using cotton swab.[@CIT0036] Invading cells lie on the lower surface of the membrane were photographed and counted at least 5 random microscopic fields (100×). All experiments were repeated 3 times.

Tumorigenesis in Xenografted Mice {#S0002-S2013}
---------------------------------

To further determine SPINK5 gene effects on cancerous cell in vivo, xenograft model in BALB/C nude mice (4 weeks old, female) was generated by injecting 1.5˟10^6^ HN13 cells transfected with the lentivirus pLenti-CMV-SPINK5 or pLenti-CMV-EGFP into the right and left backside of the nude mice, respectively. The xenografted tumors were regularly observed and the tumors volume was recorded. Four weeks after the cell injection, the BALB/C nude mice were dislocated put to death. The tumor weights were measured to analyze SPINK5 effect on cancerous cells in vivo. All animal studies were performed in accordance with the NIH Guide for Care and Use Laboratory Animals, and have been approved by the Shanghai Ninth People's Hospital Institute Animal Care and Use Committee.

Statistical Analysis {#S0002-S2014}
--------------------

Student's *t* - test was used in comparison between two groups such as the results of the real-time PCR, plate colony formation, and cell cycle. More groups' comparison was analyzed by using one-way ANOVA. The Log-rank test was used to analyze the overall survival of patients with high or low LEKTI expression. Univariate and multivariate Cox proportional hazards regression model analyses were used to analyze various parameters associated with overall survival of 88 patients with HNSCC. In this study, all analyses were conducted using SPSS 13.0 software, and all analyses were two-tailed test, *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

Decreased SPINK5/LEKTI Expression in HNSCC Cell Lines and Specimens {#S0003-S2001}
-------------------------------------------------------------------

To determine SPINK5/LEKTI expression in HNSCC, SPINK5 mRNA and LEKTI protein levels were detected in representative 9 HNSCC cell lines as well as normal gingival epithelial cells and in HNSCC specimens including cancerous tissue and their apparently normal surgical margins. The expression of SPINK5 mRNA and LEKTI protein in HNSCC cells were significantly lower than normal epithelial cells in addition to WSU-HN6, SCC-9 and SCC-25 cells in representative 9 HNSCC cell lines (*P*\<0.0001, One-way ANOVA) ([Figure 1A](#F0001){ref-type="fig"}--[C](#F0001){ref-type="fig"}). Then, we further to determine the SPINK5 expression in clinical HNSCC specimens. The result expectedly showed that SPINK5 mRNA level in 85.7% (30/35) paired HNSCC specimens was remarkably lower than that of their apparently normal surgical margins (*P*\<0.0001, Student's *t*-test, paired) ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). Moreover, other cohort of HNSCC samples including 142 cancerous tissues and 92 apparently normal surgical margins were used and confirmed that SPINK5 mRNA level were significantly reduced in the cancerous tissues (*P*\<0.0001, Student's *t* test, unpaired) ([Figure 1F](#F0001){ref-type="fig"}). We analyzed Gene Expression profiling Interactive Analysis (GEPIA, [<http://gepia.cancer-pku.cn/index.html>]{.ul}) and found that SPINK5 was remarkably down-regulated in HNSCC ([[Supplemental Figure 1A](http://www.dovepress.com/get_supplementary_file.php?f=236266.pdf)]{.ul}).Figure 1SPINK5/LEKTI expressions were showed in HNSCC cell lines and specimens. (**A--C**) SPINK5 mRNA and LEKTI protein levels were determined in 9 representative HNSCC cell lines and primary normal epithelial cells using real-time PCR, semi-quantitative RT-PCR and Western blotting; (**D**) SPINK5 mRNA expression was analyzed in 35 paired HNSCC specimens by using real-time PCR (ANSM: apparently normal surgical margins; C cancerous tissues); (**E**) It was shown that the result of SPINK5 mRNA in 12 representative HNSCC specimens by means of RT-PCR (N, adjacent normal tissue; C, cancerous tissue); (**F**) It was illustrated that the results of real-time PCR analysis about unpaired HNSCC specimens including 142 cancerous tissues and 92 apparently normal surgical margins (ANSM: apparently normal surgical margins; C cancerous tissues).

SPINK5/LEKTI Expression Represses the Proliferation, Colony-Formation and Induce the G1-Arrest of HNSCC cells {#S0003-S2002}
-------------------------------------------------------------------------------------------------------------

SPINK5/LEKTI was down-regulated in HNSCC cell lines and specimens, so far it has not been reported how it affects the cancerous cells. In this study, WSU-HN6 cells that expressed high levels of SPINK5/LEKTI and HN13, HN30 cells that had lower or few SPINK5/LEKTI expressions were selected for investigation of the impact of SPINK5/LEKTI on cancerous cells. In WSU-HN6 cells, si-1771, the best sequence of interference in our study, was used to silence SPINK5/LKETI expression. The result showed that transfection with si-1771 reduced LEKTI protein level by 70% ([Figure 2A](#F0002){ref-type="fig"}). Cell proliferation and colony formation assays showed that reducing SPINK5/LEKTI expression could significantly increase the proliferation and colony formation capability of WSU-HN6 ([Figure 2B](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). On the contrary, the cell proliferation and colony formation were remarkably decreased in WSU-HN13 and HN30 cells transfected with the lentivirus pLenti-CMV-SPINK5 to increase exogenous SPINK5/LEKTI expression ([Figure 2A](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). To determine the mechanism of SPINK5/LEKTI affect the cell proliferation and colony formation. Cell cycle and apoptosis were analyzed in these transfected HNSCC cells by FCM. The results showed that reducing SPINK5/LEKTI in WSU-HN6 cells leads to the arrest of the cells in G1 phase, while increasing SPINK5/LEKTI in WSU-HN13 and HN30 cells lead to the accumulation of the cells in G1 phase ([Figure 3A](#F0003){ref-type="fig"}). However, the apoptosis of these transfected cells were not shown changed (data not shown). These indicated that SPINK5/LEKTI affecting cell proliferation and colony formation were implemented by influencing the cell cycle of HNSCC cells. In addition, we found that reducing SPINK5/LEKTI expression in WSU-HN6 cells showed a significant increase in migration and invasion ability. However, the ability of WSU-HN13 and HN30 cells transfected with the lentivirus pLenti-CMV-SPINK5 to migrate and invade were remarkably reduced by transwell migration and invasion assays ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}).Figure 2The effect of SPINK5/LEKTI on cell proliferation and colony formation. (**A**) LEKTI levels were confirmed in WSU-HN6, HN13 and HN30 cell lines using Western blotting after transfection; (**B**) Cell proliferation of WSU-HN6, HN13 and HN30 cell lines after transfection was analyzed using the CCK-8 kit, each point showed the mean values of triplicate wells (mean ± SD), \* *P*\<0.05, \*\* *P*\<0.01; (**C**) Plate colony formation of WSU-HN6, HN13 and HN30 cell lines after transfection was analyzed; (**D**) The count of colonies was analyzed using statistical software. Each experiment repeated at least three times.Figure 3The impact of SPINK5/LEKTI on the cell cycle. (**A**) Flow cytometry was used to analyze the cell cycle of WSU-HN6, HN13 and HN30 cells with reducing or increasing SPINK5/LEKTI expression; (**B**) Cell cycle proteins (CCND1, CDK4, p21) and matrix metalloproteinase (MMP2, MMP9) were determined in WSU-13 and HN30 cells transfected with the pLenti-CMV-SPINK5 or pLenti-CMV-EGFP; (**C**) The grey value analysis was made about the proteins in Figure 3B.Figure 4The effect of SPINK5/LEKTI on invasion of HNSCC cells. (**A**) The result of cell invasion and migration assay showed that reducing SPINK5/LEKTI expression in WSU-HN6 cells could significantly increase the cell invasion capability. On the contrary, increasing SPINK5/LEKTI expression leads to reduced cell invasion capability of WSU-HN13 and HN30 cells; (**B**) The invaded cells were counted and made a comparison using SPSS 13.0 software. Each experiment repeated at least three times.

Effect of Increasing SPINK5/LEKTI Expression on Cell Cycle and Metastatic Regulators {#S0003-S2003}
------------------------------------------------------------------------------------

To identify the molecular mechanisms of SPINK5/LEKTI affecting G1 phase of cell cycle in HNSCC cells, we measured a series of key proteins involved in G1 phase regulation. The results showed that CCND1 and CDK4 protein levels were significantly reduced while on the other hand, p21 was increased in WSU-HN13 and HN30 cells transfected with exogenous SPINK5. Considering SPINK5/LEKTI was involved in migration and invasion in HNSCC cells. The two important matrix metalloproteinases 2 and 9 (MMP2 and MMP9) were measured in WSU-HN13 and HN30 cells transfected with the lentivirus pLenti-CMV-SPINK5. The results showed that the protein levels of MMP2 and MMP9 were decreased in these transfected cells, which were in accordance with the results about phenotype research ([Figure 3B](#F0003){ref-type="fig"}), and the changes were directly showed in these proteins after the quantification of these proteins ([Figure 3C](#F0003){ref-type="fig"}). However, the proteins related apoptosis were not changed. These results further confirm the above phenotypic alterations and may partly explain the molecular mechanism underlying these phenotypes.

Exogenous Overexpression of SPINK5/LEKTI Suppresses Tumor Growth of HNSCC in vivo {#S0003-S2004}
---------------------------------------------------------------------------------

To evaluate whether exogenous SPINK5/LEKTI suppresses the growth of cancerous cells in vivo, WSU-HN13 cells transfected with the lentivirus pLenti-CMV-SPINK5 or pLenti-CMV-EGFP were used to inject into the subcutaneous tissues of BAL/C nude mice then xenografted tumors were generated. The xenografted tumors were formed after subcutaneously injection and they grew gradually after 1 week. The tumor volume was recorded every other day after the tumors were formed. We found that the growth of xenografted tumors formed by HN13 cells transfected with the lentivirus pLenti-CMV-SPINK5 was slower than that of control group ([Figure 5A](#F0005){ref-type="fig"}). The used BALB/C nude mice were put to death 4 weeks after injection. The tumor sizes and weights of xenografted tumors derived from HN13 cells exogenously expressed SPINK5/LEKTI were significantly reduced in comparison to the control group ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}).Figure 5The effect of SPINK5/LEKTI on tumorigenicities in xenografted mice. (**A**) The time course was from growth of HN13 xenograft tumors to the end of 1 month after the cell inoculation; (**B**) Over-expression of SPINK5/LEKTI inhibited the growth of xenografted tumor formed by WSU-HN13 cells transfected with the lentivirus pLenti-CMV-SPINK5; (**C**) The weights of xenografted tumor made a comparison.

Decreased SPINK5/LEKTI Expression Was Significantly Correlated with Poor Clinical Outcome of Patients with HNSCC {#S0003-S2005}
----------------------------------------------------------------------------------------------------------------

To determine the association between LEKTI protein level and the prognosis as well as clinical parameters in patients with HNSCCs, tissue microarray containing cancerous specimens from 101 patients who had a confirmed diagnosis of HNSCCs and a complete clinical & follow-up data was performed and measured by immunohistochemistry. Then, the correlation of LEKTI protein levels with clinical parameters and outcomes was analyzed to estimate whether SPINK5/LEKTI can be used as an efficient biomarker in predicting the prognosis of patients with HNSCCs. Except for 11 specimens were taken the tissues off in the process of immunohistochemistry experiment and two patients had no follow-up data, we observed that LEKTI protein was expressed as cytoplasmic staining in the rest cases. Among these patients, the age ranged from 28 to 74 years old, 40 of the patients were female and 48 patients were male. Twenty-nine of patients had a history of smoking and 20 patients had a history of alcohol. The early stage patients (stage I and stage II) account for 48.9% of all patients, the follow-up time ranged from 1 to 122 months, and with a median follow-up time was 75 months. The patients were divided into two parts by LEKTI expression median of 2.4, the patients of high LEKTI expression account for 54.5%, and the remaining of 45.5% patients had low LEKTI expression. The detailed documents of the patients are summarized in [Table 1](#T0001){ref-type="table"}.

To determine whether LEKTI protein level affects the overall survival of these patients, Kaplan--Meier survival analysis was used. The results showed that the patients with low LEKTI protein levels had significantly inferior clinical outcomes compared with those with high LEKTI protein levels (*P*=0.0017, [Figure 6B](#F0006){ref-type="fig"}). In GEPIA database, we found that the HNSCC patients with higher expression levels of SPINK5 mRNA had prognosis ([[Supplemental Figure 1B](http://www.dovepress.com/get_supplementary_file.php?f=236266.pdf)]{.ul}). In this study, we found that there was positive association between LEKTI protein level and the clinical TNM stage. LEKTI level in patients with early stage was higher than that in patients with advanced stage (*P*=0.0029) ([Figure 6A](#F0006){ref-type="fig"} and [C](#F0006){ref-type="fig"}). We also observed that LKETI expression was more reduced in patients with poor pathological differentiation (*P*=0.0408) ([Table 1](#T0001){ref-type="table"}), and their expressions gradually decreased with tumor differentiation ([Figure 6D](#F0006){ref-type="fig"}). Moreover, there was no significant correlation between LEKTI level and age, gender, lymph node metastasis, smoking history, alcohol history and anatomic sites. In the univariate Cox proportional analyses, in addition to pathological differentiation, lymph node metastasis, TNM stage and LEKTI expression were found to be strongly associated with overall survival of patients with HNSCCs (hazard ratio: 0.123; 95% CI: 0.050--0.304; *P*\<0.001). In multivariate Cox proportional analyses, LEKTI levels, together with pathological differentiation and TNM stage, were strongly associated with overall survival of patients with HNSCC (hazard ratio: 0.114; 95% CI: 0.044--0.292; *P*\<0.001). LEKTI could serve as an independent prognostic predictor of patients with HNSCC ([Table 2](#T0002){ref-type="table"}).Table 2Univariate and Multivariate Cox Regression Models for Estimating the Overall SurvivalCharacteristicsHR95% CIP**Univariate analysis**Overall survivalAge (\<60 y vs 60 y)0.6120.279 to 1.3400.219Gender (male vs female)1.8400.840 to 4.0300.127Smoking history (smoker vs nonsmoker)1.3250.636 to 2.7610.452Alcohol history (drinker vs nondrinker)1.2730.566 to 2.8630.560Pathological differentiation2.0371.143 to 3.6310.016Lymph node metastasis\
(pN0 vs pN1 to pN2)2.2971.115 to 4.3740.024TNM stage2.0491.379 to 3.046\<0.001LEKTI expression (high vs low)0.1230.050 to 0.304\<0.001Disease site1.0150.608 to 1.6970.954**Multivariate analysis**Overall survivalPathological differentiation2.8351.504 to 5.3450.001Lymph node metastasis\
(pN0 vs pN1 to pN2)0.7900.363 to 1.7190.552TNM stage2.0821.333 to 3.2500.001LEKTI expression (high vs low)0.1140.044 to 0.292\<0.001[^3] Figure 6The correlation of LEKTI levels with clinical outcome and clinicopathological parameters in 88 patients with HNSCCs. (**A**) LEKTI expression was detected in clinical stage I, stage II, stage III and stage IV as shown by Immunohistochemistry; (**B**) Kaplan--Meier survival curves showed that the overall survival of patients with low LEKTI expressions was worse than that of patients with high LEKTI expression; (**C**) Compared to early HNSCCs, the LEKTI expression in advanced HNSCC was significantly reduced; (**D**) Representative images show immunohistochemical staining for LEKTI expression in well-differentiated HNSCC, moderately differentiated HNSCC, and poorly differentiated HNSCC from the left to the right side.

Discussion {#S0004}
==========

HNSCC is a life-threatening disease with severe dysfunction, pain and cachexia. Even the great progress was made in the treatment including surgery, radiotherapy, chemotherapy and targeted therapy, the 5-year survival rate of patients with HNSCC remains about 55%. It is generally believed that HNSCC is a multi-factorial disease that probably arises as a result of environmental factors such as the irritant of cigarettes, alcohol and genetic diversity.[@CIT0037],[@CIT0038] In recent years, with the development of high-throughput sequencing, disease-causing genes and genes polymorphism was effectively found to be closely related to some tumor types.[@CIT0039]--[@CIT0041] Further functional analysis of cancer-related genes not only uncovers the molecular mechanisms underlying in cancers, but also plays a role in adjuvant predicting the clinical implications of patients with cancer.

SPINK5 could keep intact skin barrier by inhibiting KLK family. It was shown that mutation of SPINK5 leads to dermatoses such as NS and atopic disease. In our prior study, the expression level of SPINK5 was found to be notably reduced in HNSCC tissues by using oligonucleotide microarrays. Here our results indicated that SPINK5 mRNA and LEKTI protein levels were remarkably decreased in HNSCCs compared to adjacent normal tissues, suggesting SPINK5 may be a potential tumor suppressor in HNSCC. Furthermore, silencing of SPINK5/LEKTI prominently increased the proliferation, colony formation and invasion abilities of WSU-HN6 cells Whereas SPINK5/LEKTI overexpression remarkably suppressed the proliferation, colony formation and invasion abilities of WSU-HN13 and HN30 cells in vitro. Definitively, SPINK5/LEKTI knock down led to the tumor inhibitory rate of xenograft tumors in BALB/C nude mice was more than 50% as compared with control groups in vivo. Our finding demonstrated that SPINK5 is a tumor suppressor in HNSCC which was not consistent with the findings described in bladder transitional cell carcinoma.[@CIT0023] The inconsistency is likely due to the diversity of tumor genetic background, also can be caused by different pathogenesis in different cancers. Based on our results, SPINK5 is a multifunctional protease inhibitor more than serine protease inhibitor. It not only inhibits the endogenous protease such as kallikreins, caspase and cathepsin, but also inhibit the exogenous proteases derived from microorganisms. Down-regulation of SPINK5, on the one hand, results in the enhanced activity of KLKs which leads to increase of epidermal thickness, hyperkeratosis and dermal inflammation; on the other hand, give rise to the accumulation of exogenous protease from bacteria, fungi and virus result in the integrity and protective barrier function of the skin were damaged severely.

In the study, we found that silencing of SPINK5/LEKTI induced the arrest of G1 phase in WSU-HN6 cells, whereas overexpression of SPINK5/LEKTI led to accelerating the transition of G1-S phase in WSU-HN13 and HN30 cells. And the above changes were accompanied by the reduced expression levels of CCND1 and CDK4, indicating overexpression of SPINK5/LEKTI might reduce the activities of CDK4 leading to the inhibitory role on cell proliferation and colony formation abilities. Additionally, the expression level of caspase-3 and PARP was found to be unchanged in WSU-HN13 and HN30 cells with SPINK5/LEKTI overexpression (data not shown). Our data suggest that down-regulation of SPINK5/LEKTI contributes to the proliferation of HNSCC cells by regulating the cell cycle rather than cell apoptosis.

In addition, we also found that SPINK5/LEKTI dysregulation was associated with other aggressive behaviors of HNSCC cells such as the abilities of migration and invasion. The study showed that the abilities of migration and invasion were significantly reduced in WSU-HN13 and HN30 cells transfected with exogenous SPINK5, respectively. The result is consistent with the result described in esophageal cancer.[@CIT0025] Moreover, MMP2 and MMP9, two key proteins related to metastasis, were decreased remarkably in our resulting. According to the literature,[@CIT0042],[@CIT0043] down-regulation of SPINK5 and up-regulation of matrix metalloproteinases was found in other squamous cell carcinoma tissues. This suggests direct or indirect interactions between the over-expression of MMP2, MMP9 and down-regulation of SPINK5/LEKTI.

To determine the clinical significance of SPINK5/LEKTI expression in HNSCC, we measured the expression levels of LEKTI protein in 101 patients with HNSCCs by using IHC and analyzed the correlation between LEKTI expression and clinical outcome. Our data indicated that downregulated LEKTI was closely associated with advanced clinical TNM stage in HNSCC. Moreover, lower LEKTI expression was also found to be reduced in poorer pathological differentiation. Kaplan--Meier curve analysis showed that patients with low LEKTI expression had poorer survival compared to that of the patients with high LEKTI expression. In univariate and multivariate analyses, our resulting indicates LEKTI was an independent prognostic predictor for patients with HNSCC. To a certain extent, the expression level of SPINK5/LEKTI serves as an adjuvant measure to guide the treatment of patients with HNSCC.

There were some limitations in the current study. Firstly, the down-regulation mechanism of SPINK5/LEKTI remains unclear in HNSCC. In the study, 5-aza-2ʹ-deoxycytidine (5-Aza-dC), a kind of methylation inhibitors, could not improve the expression level of SPINK5. Furthermore, methylations of primers were designed to analyze 5 paired bisulfate-treated DNA from clinical samples including cancerous tissues and adjacent normal tissues, no changes were found between their productions. So, the down-regulation mechanism of SPINK5/LEKTI in HNSCC was needed to be investigated in further study. Secondly, the HNSCC sample size was relatively small and collected in single institution. A multicenter and large sample was used to analyze the correlation of SPINK5/LEKTI with clinical pathological parameters.

Conclusions {#S0005}
===========

SPINK5/LEKTI is down-regulated in HNSCCs and the downregulated SPINK5/LEKTI contributes to malignant phenotypes including the proliferation, colony formation, invasion and tumorigenesis abilities of HNSCC cells partly due to the dysregulation of cell cycle. Our findings also demonstrated that LEKTI expression is significantly associated with the clinical TNM stage and tumor differentiation, and SPINK5/LEKTI is an independent predictor for overall survival of patients with HNSCC.
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